Thus Hempfling (1970) has shown that the efficiency of oxidative phosphorylation in E. coli B was decreased during aerobic growth in the presence of glucose, but that the dfect could be reversed by the addition of cyclic AMP to the growth medium (Hempfling & Beeman, 1971) . Broman et al. (1974) have demonstrated that an adenylate cyclase (EC 4.6.l.l)-deficient mutant of E. coli K12, when grown aerobically, contained decreased cytochrome concentrations and showed decreased electron-transport activity; the addition of cyclic AMP to the growth medium stimulated cytochrome synthesis and restored growth on glucose to the normal rate observed with the parental strain. A brief report on the effect of cyclic AMP on anaerobic growth of E. coli has also appeared (Patrick & Dobrogosz, 1973) .
Although E. coli is known to synthesize a variety of redox carriers in response to different growthconditions, no attempt was made in these studies to investigate theeffects of catabolite repression and cyclic AMP deficiency on the ability of the organism to synthesize individual redox components, or, for the particular case of cytochromes, to differentiate between effects on haem and on apocytochrome synthesis (see Poulson et al., 1976 ). An additional problem to be considered is that the mechanism6) of control and regulation operating during catabolite repression may be different from that operating during cyclic AMP-deficient growth resulting from the loss of adenylate cyclase activity.
It is now well established that cyclic AMP interacts with a specific binding protein called either the catabolite-gene activator protein (CAP protein) or the cyclic AMPreceptor protein (CRP protein) to stimulate transcription from many operons of E. coli. Enzymes coded for by cyclic AMP-dependent operons are subject to catabolite repression, a non-specific control of enzyme synthesis exerted by the carbon source and other variables, and the addition of cyclic AMP to the growth medium can reverse both the transient (severe) and permanent (moderate) types of catabolite repression. The pattern that emerges from these studies is that catabolite repression controls enzyme synthesis by regulating the intracellular concentration of cyclic AMP through alterations to the rate of synthesis, degradation or excretion from the cell of the nucleotide. However, it is also apparent that cyclic AMP is involved in influencing a variety of other metabolic functions in E. coli, besides those involved in catabolite repression (see Ezzell& Dobrogosz, 1975). In particular, it has been proposed that cyclic AMP plays a key role in regulating the construction and operation of a number of membrane functions in the organism and that control of adenylate cyclase activity, in turn, is of fundamental importance to the cell (Glaser et al., 1975) . We have begun an investigation on the role of cyclic AMP in regulating the synthesis and functional activity of particular membrane-bound redox carriers in E. coli in an attempt to define the specific and generalized consequences of cyclic AMP deficiency on electron-transport-dependent ATP synthesis. In this study we are using a series of related mutants that possess deletions in the structural genes for adenylate cyclase and for the catabolite-gene activator protein as listed in Table 1 . The strains were grown in a mineral salts medium (Cohen & Rickenberg, 1956 ) containing glucose (0.5 %, w/v), vitamin-free casamino acids (0.1 %, w/v) and thiamine (loygllitre), both aerobically in a fermentor and anaerobically, together with K2Se03 (1 PM), (NH4)6M07024, 4H20 (1 PM) and either potassium fumarate (50m) or KNOJ ( 1 0 0~~) . in batch culture (Haddock et al., 1976) . In certain cases the growth medium was supplemented with cyclic AMP ( 2 . 5 m ) . The functional characterization of the electron-transport chains synthesized by the various strains under these different growth conditions was achieved by low-temperature difference spectroscopy, by measurements of donor-acceptor oxidoreductase activities and from the stoicheiometry of respiration-dependent proton translocation.
A detailed description of the results obtained is not presented here but an illustrative example of the differences in cytochrome content of strains CA8000 and CA8445 grown aerobically under identical conditions is given in Fig. 1 . The increased content of cytochrome bSse and d in strain CA8445 clearly demonstrates that their synthesis is not subject to the traditional positive control mechanism that regulates the transcription of cyclic AMP-dependent operons, in which increased enzyme synthesis is dependent on The strains were generously supplied by Dr. J. Beckwith (Department of Microbiology and Molecular Genetics, Harvard Medical School, Boston, MA 021 15, U.S.A.) who has described their isolation and genetic characterization (Brickman et ul., 1973 ; Sabourin & Beckwith, 1975) . Abbreviations used are as follows: strR and strs, resistance and sensitivity to streptomycin respectively; thi, requirement for thiamine; Acya, deletion of the gene specifying adenylate cyclase; Acrp, deletion of the gene specifying the cataboiite-gene activator protein; and crp*, mutation producing an altered catabolite-gene activator protein that is no longer dependent on cyclic AMP.
Strain
Known characteristics CA8000 str', thi CA8306 strs, thi, Acyu CA8404 strR, thi, Acya, crp* CA8445 strR, thi, Acya, Acrp Strain CA 8000 (trace a) or strain CA 8445 (trace b) of E. coli were grown aerobically as indicated in the text. Low-temperature difference spectra were recorded as described previously (Haddock & Garland, 1971) . The final protein concentration in the cuvettes was 22mg/ml for both traces.
the presence of cyclic AMP and the catabolite-gene activator protein. On the contrary, the results indicate either that the synthesis of these cytochromes is repressed in the wild-type strain CA8000, implying a novel negative control of operon transcription by cyclic AMP and the catabolite-gene activator protein, or alternatively that their synthesis is induced in strain CA8445 as a secondary consequence of, but not directly by, cyclic A M P or catabolite-gene activator protein deficiency. From a comparative study
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